Objective: To study acid-base status during a constant-load treadmill test at exercise levels close to the maximum lactate steady-state.
M etabolic acidosis during maximal exercise is attributed to an increase in lactic acid concentration in the serum. [1] [2] [3] Plasma and muscle are major buffers, and help maintaining a constant pH. Little attention has been paid to the acid-base status at a constant load. 2, [4] [5] [6] [7] Maximal Lactate Steady State (MLSS) is a good indicator of training status in endurance events, 2,4,5 but its assessment can be extensive and complex. 2, 5 We tested the null hypothesis that the mean of the ventilatory threshold 1 and 2 is not an acid-base steady state. A secondary aim was to determine whether there were differences in the acid-base status during a graded maximal test, and a constant-load steady-state test at intensities close to the MLSS.
SUBJECTS AND METHODS

Subjects
Twenty-three (n = 23) male Sports Science students participated in the study. All subjects: 1) engaged in intense physical activity at least three times per week; 2) did not consume substances that might have interfered with the test results (e.g., alcohol, tobacco, anabolic steroids); and 3) did not have metabolic or other health problems, as assessed by pre-participation medical examination. Ethics committee permission was granted. All subjects gave written informed consent.
Tests
Expired air volume and composition was measured with a Jaeger Oxicon Pro (Erich Jaeger, Germany). Electrocardiography was performed using a 3-channel Hellige Cardiotest EK 53 (Hellige, Freiburg, Germany).
The tests were conducted on a H/P/COSMOS PULSAR 3P 4.0 treadmill (h/p/cosmos sports & medical, Nussdorf-Traunstein, Germany). Capillary blood lactate concentration was measured with a YSI 1500 (YSI, Yellow Springs, USA). Peripheral blood gas concentrations were assessed using an ABL 77 (Radiometer, Copenhagen, Denmark).
Research protocol
The maximal treadmill test used speed increments of 0.2 km/h every 12 seconds and a fixed slope of 1%. 8 Two independent observers detected the aerobic-anaerobic transition using the ventilatory method. 9 The steady-state test involved 30 minutes of running at a constant intensity between VT1 and VT2 (82.2 ± 1.7% of VO 2max ). Fingertip capillary blood samples (at rest, every 10 minutes during steady-state test, and at the end of the test) were taken, and analyzed immediately for gas levels and lactate concentration.
Statistical analysis
Descriptive statistics were calculated. We used the Student's paired t-test to detect differences between maximal and steady-state tests. Repeated measures analysis of variance (ANOVA) was used to detect differences in the steady-state test results at 10, 20 and 30 minutes. Where differences were observed, the post hoc Bonferroni test was applied to establish their direction. Statistical analysis was conducted using SPSS v11.0. Significance was set at P = 0.01.
RESULTS
Lactate and bicarbonate levels remained constants throughout the test. There were, however, significant differences with the values at rest (Fig. 1 ). There are significant differences (Fig. 2 ) between T 10 and T 30 for pH values and PCO 2 values, which decrease significantly (P < 0.05).
There were significant differences between maximal and steady-state tests for all variables ( Table 1 and 2). Apart from Na + and PO 2 , all the other variables showed significant differences between steady state and maximal tests.
DISCUSSION
The work load at MLSS in this study was 82.2% (1.7) of VO 2max . 5, 6 In other investigations, MLSS occurred at approximately 70% of VO 2max . 4 This difference may result from the training status of the subjects, and the protocol and type of ergometer used in O = Significant differences between the two tests with P < 0.01 (Student's paired t-test); C = Significant differences between the two tests with P < 0.05 (Student's paired t-test). the test. The latter introduce the greatest variability into determining MLSS: MLSS ranges from 71.8 (5.9)% on a cycle ergometer to 78.1 (4.4)% of VO 2max using a speedskating track. 4 The load used in our study produced a steady-state test, as evidenced by the constant heart rates, VO 2 levels and the lactate concentrations throughout the test. Also, all our subjects completed the tests. The acid-base state at a constant velocity does not stay stable in all variables. This is shown by the pH and the PCO 2 . Baron et al. work obtain a pH of 7.33 (0.03), 7.34 (0.04) and 7.35 (0.04) for 10, 20, and 30 minutes, respectively, of stable pH state in arterial blood, with significant differences (P < 0.05) between minutes 10 and 30. 7 Our own pH data were 7.31 (0.06), 7.34 (0.06) and 7.35 (0.05) at 10, 20 and 30 minutes, with significant differences (P < 0.05) at the same time points in capillary blood. PCO 2 data in Baron et al.'s study were 40.8 (4.6), 39.4 (5.0) and 37.5 (5.0), with significant differences (P < 0.05) in all measurements. 7 Our own data showed 35.79 (3.54), 31.29 (4.07) and 30.92 (3.68) for minutes 10, 20 and 30, with significant differences (P < 0.05) between minutes 10 and 20 and minutes 10 and 30. This may result from the fact that our measurements were performed using capillary blood. 7, 10 Lactate, bicarbonate and the other variables measured at steady state (except pH and PCO2) remained constant, demonstrating that lactate is by itself not the best indicator of a steady state.
Our data agree with other authors'. Nevertheless, it has to be assumed that we did not determine MLSS, but a steady state of lactate between the VT1 and VT2, which reduces in a significant way the number of trials to performance, if further work confirms that it is indeed MLSS. Baron et al. used six trials to locate the MLSS, while our procedure will only need two. 7 In conclusion, during a steady-state test at a load corresponding to approximately 80% of VO 2max , the acid-base status analysed in capillary blood remained constant even though lactate concentration was over 4 mmol/L. However, it should be kept in mind that, despite the maintenance of a constant acid-base status, other physiological variables did not behave in the same fashion. The utilization of ventilatory threshold as a first approximation to MLSS should allow the reduction of the number of tests needed for its determination.
